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October -November, 1969 Ref. (1) AS we e n t e r t h e f i n a l t h i r t y ' y e a r s of t h e 20th century, t h e s e words summarize
t h e p r i n c i p a l t h r u s t of t h e energy p o l i c y of t h e United S t a t e s a s i t h a s e x i s t e d from i t s i n c e p t i o n t o t h e p r e s e n t . ' Y e t a s t h e s e very words were recorded, t h e f o r c e s a t work w i t h i n t h e t e c h n o l o g i c a l economy have been g i v i n g prominent s i g n a l s t h a t a new p o l i c y may b e t h r u s t upon us. During t h e y e a r s i n c e t h e s e h e a r i n g s , t h e r e has been a n awakening i n t e r e s t i n t h e consequences of man's a c t i v i t i e s on e a r t h which can b e compared t o no o t h e r period i n t h e n a t i o n ' s h i s t o r y . Climatolo g i s t s , long among t h e most c a u t i o u s of environmental s c i e n t i s t s now seem t o have reached r e l a t i v e l y f u l l agreement t h a t man can a f f e c t t h e c l i m a t i c c o n d i t i o n s of
.the e a r t h by means of t h e s y s t e m a t i c r e l e a s e of h e a t and m a t e r i a l s which change t h e opacity of t h e atmosphere.' T h i s atmosphere of o u r s , once regarded a's l i m i t l e s s a s t h e sky i t s e l f , now more c o n f i n i n g every day. How s h a l l a n , economy such a s
ours, based on t h e u s e of cheap energy employed without l i m i t , r e a c t t o t h e concept t h a t a new f r o n t i e r of t h r i f t and moderation i n i t s . u s e appears around t h e c o r n e r ?
For over a c e n t u r y t h e n o t i o n of p h y s i c a l growth and f i n a n c i a l expansion have been g e n e r a l l y regarded as synonymous w i t h suocess. The Fabian S o c i a l i s t s of t h e 19th century based a n e n t
i r e p o l i t i c a l philosophy on t h e concept t h a t t h e l i m i t l e s s use of b a s i c r e s o u r c e s was a n a t u r a l r i g h t of man. Many of t h e n o t i o n s of modern resources management c o n t i n u e t o r e f l e c t t h e s e concepts. There i s no s i n g l e segment of Western s o c i e t y which h a s c o n t r i b u t e d more t o t h e advancement of man on e a r t h than energy technology, y e t a l l of t h e s e achievements w i l l b e of l i t t l e value i f t h e management of energy and formation .of energy p o l i c y f a i l s t o r e c o g n i z e t h e
. ' need t o p r o t e c t the g a i n s of t h e p a s t .
. . I n o r d e r t o g a i n p e r s p e c t i v e i t i s n e c e s s a r y t o b r i e f l y review t h e s t a t e of t h e a r t i n energy technology, p r i m a r i l y e l e c t r i c a l power technology, i n r e l a t i o n
' t o t h e need t o c o n s i d e r t h e p o t e n t i a l e f f e c t s . o f t h e p r e s e n t c o u r s e of a c t i o n i n -t h i s f i e l d . An i m p o r t a n t p o i n t t o s t r e s s . i s t h e f a c t t h a t enerpy demand and energy r e l e a s e t o t h e environment a r e synonomous. A l l of t h e energy converted from n u c l e a r o r f o s s i l s o u r c e s appears i n t h e , environment a s h e a t t o b e added t o t h e e a r t h ' s thermal budget. Kdnce, i n t h e d i s c u s s i o n of e l e c t r i c a l energy demand, i t i s a p p r o p r i a t e t o c o n s i d e r t h e s u b j e c t i n terms of t h e thermal energy r e l e a s e d t o s a t i s f y t h e demand. I n t h i s . c o n t e x t , t h e p r o j e c t e d growth 'of e l e c t r i c a l power assumes a p o s i t i o n of paramount importance i n t h e t o t a l p i c t u r e of t h e y e a r 2,000 AD.

Because o f t h e i n c r e a s e d knowledge of t h e environmental i n t e r a c t i o n of power p o l i c y w i t h t e r r e s t r i a l r e s o u r c e s , t h e making of ' f o r e c a s t s h a s become a hazardous b u s i n e s s . The' most r e c e n t t o t a l energy survey p u b l i s h e d by t h e O f f i c e of S c i e n c e and Technology (Ref. 2) i s used a s a b a s i s f o r t h e remarks i n t h i s s e c t i o n ;
Other a p p r a i s a l s can and. w i l l b e made; i n t h e i n t e r i m , t h e r e f e r e n c e s u r v e y i s s u f f i c i e n t l y t i m e l y t o b e u s e f u l . From t h i s p u b l i c a t i o n , other. B a t t e l l e a u t h o r s h a v e converted t h e energy f o r e c a s t t o a c o n s i d e r a t i o n of environmental impact i n a p a p e r (Refi 3) g i v e n a t A t l a n t a i n t h e s p r i n g of 1970. T h i s paper i s t h e b a s i s ' f o r t h e f i g u r e s which follow.
. F i g u r e 1, based on a t o t a l U.S. p o p u l a t i o n of 300 m i l l i o n by 2,000 AD, p l a c e s t h e expected o v e r a l l energy usage p e r c a p i t a i n p e r s p e c t i v e . Energy usage p e r c a p i t a i s expected t o i n c r e a s e by some 250% b a s e d . o n 1 9 6 0 ' e s t i m a t e s and e l e c t r i c a l energy ( k i l o w a t t s a t t h e busbar) i s expected t o i n c r e a s e by 1,350% i n t h e same p e r i o d .
.Because p o p u l a t i o n growth is c r i t i c a l t o the i n t e g r a t i o n of estimates on a p e r c a p i t a b a s i s , F i g u r e 2 h a s b e e n p r o v i d e d t o show t h e t o t a l growth of energy i n c l u d i n g r e j e c t h e a t from e l e c t r i c a l power g e n e r a t i o n . F i g u r e 2 shows energy demand i n -.
B r i t i s h Thermal u n i t s , . t h e h e a t e q u h a l e n t . of t h e v a r i o u s i n p u t e n e r g y s o u r c e s t o which t h e y ' a l l decay a f t e r usef d l 'work i s .performed. . B r i e f .comments. which f o l l o w , which are e x t r a c t s from r e f e r e n c e s 1 and 2 s u p p o r t t h e v a r i o u s c a t e g o r i e s of energy i n p u t as t h e y r e l a t e t o t h e t o t a l system.
The growth, shown i n F i g u r e 2, w i l l occur p r i m a r i l y i n t h e u s e of e l e c t r i c i t y t o r e p l a c e t r a d i t i o n a l h e a t s o u r c e s i n t h e conversion i n d u s t r i e s and f o r s p a c e h e a t i n g . Because o f t h e h i g h c o s t of a i r -c o n d i t i o n i n g and l i g h t i n g of l a r g e b u i l d i n g s , b e t t e r d e s i g n i s expected t o reduce t h e p e r c a p i t a consumption l a r g e l y by e l i m i n a t i o n of i n c a n d e s c e n t l i g h t i n g , low e f f i c i e n c y f l u o r e s c e n t l i g h t i n g , and .
employment of r e g e n e r a t i v e systems t o reduce h e a t i n g and c o o l i n g l o a d s . Table I is i n c l u d e d a s a g e n e r a l .guide t o t h e understanding of t h e r e l a t i v e i n p u t of people r e l a t e d a c t i v i t i e s . Of n o t e i s t h e c o n s i d e r a b l e energy r e l e a s e of t h e p r i v a t e motor ' car. Even conversion t o a t o t a l e l e c t r i c automobile economy would-.only c u t t h e t o t a l energy r e l e a s e t o t h e environment by a f a c t o r of two because, . a t p r o j e c t e d e f f i c i e n c y growth r a t e s i n t h e e l e c t r i c a l i n d u s t r y , 50.% thermal e f f i c i e n c y appears a b a r e l y a c h i e v a b l e g o a l under c u r r e n t energy p o l i c i e s by 2000 AD.
Of i n t e r e s t t o t h e chemical and conversion i n d u s t r y i s t h e p r o j e c t i o n of
e x c e l l e n t p r o g r e s s , i n r e d u c t i o n s of p e r u n i t h e a t (energy) requirements f o r t h e p r o d u c t i o n of s t e e l u s i n g t h e b a s i c oxygen . . p r o c e s s and o t h e r r e l a t e d new r e d u c t i o n p r o c e s s e s . However, t o t a l energy u s e by i n d u s t r y is expected t o i n c r e a s e about t w i c e as f a s t as f a c t o r s r e l a t e d t o p o p u l a t i o n . These energy v a l u e s a r e summarized i n F i g u r e 3. Also o f i n t e r e s t i s o u r p r o j e c t i o n t h a t t h e u s e of exothermic energy 
P E R C A P I T A E N E R G Y U S E B Y D E C A D E S T H R O U G H
USE BY DECADES THROUGH 2000 AD
I
( f r o m R e f e r e n c e 3) T h e o r e t i c a l , 100% e f f i c i e n t . . . E l e c t r i c a l r e s i s t a n c e * B T U I b a r r e l b y the y e a r 2,000 AD.
S i n c e t h e e l e c t r i c a l . energy . requirements f o r t h e e n t i r e United S t a t e s a r e , expected t o b e t h e predominent growth f a c t o r i n t h e n e x t 30 y e a r s r i s i n g from a p r e s e n t 21.5% of a l l energy requirements in' 1965 t o 52% o f ' a l l r e q u i r e m e n t s by t h e y e a r 2,000, t h e primary emphasis on t h e a n a l y s i s o f f u t u r e needs i s l a r g e l y
determined by t h a t s e c t o r of t h e growth f u n c t i o n . It i s a l s o i n ' t h i s a r e a where because of t h e l e g i s l a t i v e h i s t o r y , r e s e a r c h and development i n t h e multi-purpose u s e o f r e l a t e d m a t e r i a l s involved i n t h e p r o d u c t i o n of e l e c t r i c a l energy h a s been delayed t h e g r e a t e s t e x t e n t . D e s p i t e t h e f a c t t h a t t h e number of l a r g e o p e r a t i n g u t i l i t y companies i s slowly d e c r e a s i n g and t h a t less t h a n 250 f i r m s . now c o n t r o l over 99% o f t h e g e n e r a t i n g c a p a c i t y i n t h e United S t a t e s compared t o 1,000 i n 1945, i n - t h e e f f e c t i v e n e s s of mergers i n t h e u t i l i t y f i e l d . a s a means of i n t e g r a t i n g t h e t r a n s m i s s i o n system of t h e . i n d u s t r y . The Act h a s a l s o s e r v e d t o c o n c e n t r a t e R&D i n t h e i n d u s t r y on conversion p r o c e s s e s which are s i n g l e purpose and a r e l i m i t e d t o t h e d i r e c t i n t e r e s t of t h e i n d u s t r y a s c o n s t i t u t e d under t h e Act of 1935. I n o t h e r a r e a s o f i n d u s t r y , a g g r e s s i v e development o f . r e l a t e d b u s i n e s s o p o r t u n i t i e s have p e r m i t t e d wide d i s t r i b u t i o n of t h e c r o s s f e r t i l i z a t i o n of technology i n comparison t o t h e , u t i l i t y f i e l d . I n t h e l a t t e r a r e a , t h e developments which have 0 c c u r r e d : h a v e been narrow i n scope. . F u r n a c e . d e s i g n is a p r i n c i p a l example. The modern p u l v e r i z e d c o a l f u r n a c e -b o i l e r commonly used i n t h e ' c o n v e r s i o n of h e a t energy i n c o a l t o steam f o r e l e c t r i c a l g e n e r a t i o n h a s followed a uniquely s i n g l e purpose p a t h . Commencing w i t h i t s a d o p t i o n i n t h e e a r l y 1920s a s a means of c r e a t i n g an a s h s o f i n e a s t o b e r e a d i l y d i s p e r s e d t o t h e atmosphere i n p r e f e r e n c e t o t h e . . 
o o t y p a r t i c l e s from incomplete carbon'combustion p r e v a l e n t from s t o k e r systems of t h a t e r a , t h i s combustion system continues t o b e optimized on t h e b a s i s of an
i n c i n e r a t o r i n s t e a d of t h a t of a chemical r e a c t o r which i t r e a l l y should more properly emulate. Combustion processes are common i n t h e o i l r e f i n e r y business and a majority o f t h e f u e l s and major petroleum products a r e involved i n h i g h temp e r a t u r e t r a n s f o r m a t i o n s using flame technology.
As a r e s u l t , t h e chemical i n d u s t r y is i n a unique p o s i t i o n t o r e t a i n valuable s i d e ' s t r e a m s of otherwise u s e l e s s m a t e r i a l s and r e c y c l e them f o r o t h e r i n -p l a n t processes o r u s e ' t h e m f o r . s a l e . However, even chemical processes a r e cheaper t o o p e r a t e w i t h r e l a t i v e l y pure i n p u t m a t e r i a l s , and t h e a v a i l a b i l i t y of r e l a t i v e l y cheap s u l f u r from underground d e p o s i t s h a s n o t a h i g h i n c e n t i v e f o r a g g r e s s i v e r e c y c l i n g of t h e v a r i o u s . s u l f u r by-products. This low c o s t has been i n
. .
p a r t a t t r i b u t a b l e n o t only t o l a r g e s u p p l i e s of p u r e m a t e r i a l s , b u t t o n a t i o n a l p o l i c y on d e p l e t i o n allowances and r e l a t e d i n c e n t i v e s t o t h e mining and conversion
i n d u s t r y which on t h e whole do n o t encourage t h e u s e of s c r a p o r reclaimed m a t e r i a l s .
During t h e .30s and continuing through t h e 1941-45 War t h e simple pragmatism of more and more production a t lower and lower p r i c e s h e l d f u l l sway. I n t h e i n t e r vi n g p e r i o d t h e s u l f u r production estimated a t 10 x 106 t o n s i s c l o s e l y matched by t h e d i s c h a r g e of wasted s u l f u r a s SO2 from t h e u t i l i t y i n d u s t r y of about 7 x lo6
tons. Other v a l u a b l e chemicals such a s vanadium follow s i m i l a r t r e n d s . It has been suggested by S q u i r e s e t a 1 (Ref.
5) t h a t t h i s t r e n d i n t h e s i n g l e purpose
development of t h e pulverized c o a l f u r n a c e would have taken an e n t i r e l y d i f f e r e n t t u r n i f t h e p a t e n t s of Winkler and o t h e r s which l e d t o t h e fluid-bed r e a c t o r which l a t e r became s t a n d a r d i n t h e p e t r o l e u m ' i n d u s t r y had been ,adopted by t h e u t i l i t y indus t r y .
While t h e s e two i n d u s t r i e s , u t i l i t y on the one hand and chemicals on t h e
other have been p e r f e c t i n g t h e i r i n d i v i d u a l processes, t h e a v a i l a b i l i t y of cheap, r e l a t i v e l y p u r e i n p u t f u e l s and o r e s has declined. Notwithstanding, however, because of t h e a v a i l a b i l i t y of f o r e i g n o i l and more r e c e n t l y n a t u r a l gas i n l i q u i d form, r e s e a r c h i n t h e u s e of n a t i v e r e s o u r c e s such a s c o a l and o i l s h a l e f o r t h e production of l i q u i d and gaseous f u e l s has n o t made g r e a t progress. Economic i n c e n t i v e s f o r t h e success of t h e F i s h e r Tropsch'process c u r r e n t l y do n o t e x i s t : because of t h e l o s s e s of energy i n t h e conversion process.
A similar f a t e has b e f a l l e n t h e h i g h l y s u c c e s s f u l WW I1 German Bergius c o a l hydrogenation process and e a r l y developments f o r f e a s i b l e u s e of o i l s h a l e .
as a source of carbon f o r s y n t h e s i s r e a c t i o n s . These processes s h a r e a common d i f f i c u l t y ; they each r e l e a s e from 40 t o 60% of t h e a v a i l a b l e combustion energy
of t h e a v a i l a b l e carbon a s "waste h e a t . " This " w a s t e h e a t " i s r e l e a s e d a t temp e r a t u r e s i n excess of steam temperatures s u c c e s s f u l l y used i n t h e l i g h t water n u c l e a r r e a c t o r program, whose s u p p o r t e r s have c a p i t a l i z e d on organized thermodynamic i n e f f i c i e n c y on a monumental s c a l e .
I
This l c a d~ t o a second example of the t r e n d s i n t h e growth of thermodynamic e f f i c i e n c y (Fig. 4 
) i n t h e u t i l i t y i n d u s t r y w i t h some p r o j e c t i o n s f o r t h e f u t u r e b a s e d ' o n t h e R&D p r o j e c t i o n s a v a i l a b l e from t h e l a t e 1960 period. The Figure shows t h r e e important f a c t s :
The Depression and t h e ,1941-45 War had a d e v a s t a t i n g e f f e c t on t h e n a t u r a l growth r a t e 'of e f f i c i e n c y i n c y c l e development.
Even t h e h i g h e s t estimates' of p o t e n t i a l improvement of c y c l e e f f i c i e n c y f a i l t o m a t e r i a l l y improve t h e p r o j e c t e d upper l e v e l f o r t h e average
of a l l . p l a n t s through t h e y e a r 2,000 AD.
. The p e r i o d 1960-70 produced a l e v e l i n g & t h e growth of thermodynamic e f f i c i e n c y comparable t o t h a t of t h e 1930-45 period. It appears t h a t
t h e economic p o l i c i e s which have l e d t o . r e l a t i v e l y cheap f u e l p r i c e s i n r e s p e c t t o p l a n t investment and i n t e r e s t c o s t s have caused t h i s trend.
These t r e n d s r e f l e c t t h e t r a n s i t i o n of t h e design i n power p l a n t s from f o s s i l based Rankine c y c l e i n t h e e a r l y 1930s t o t h e n u c l e a r age. During t h e c u r r e n t t r a n s i t i o n a l p e r i o d , when some l o s s i n momentum of t h e e f f i c i e n c y improvement trend a s pointed o u t i n Figure 4 , t h e b a s i c e f f i c i e n c y ranges of t h e major p l a n t types a r e a s follows:
Nuclear, L i g h t Water 20-23% Bray ton (Gas Regenerative)
'34-35% Nuclear LMFBR o r HTGR 40-42% F o s s i l Rankine 41-45%
Figure 5 shows a comparison of t h e s e c y c l e s w i t h r e s p e c t t o t h e important
parameter of condenser back p r e s s u r e f o r a family of cross-compound, optimum e f f iciency t u r b i n e g e n e r a t o r s e t s . More r e c e n t p r a c t i c e s tend t o produce s i n g l e s h a f t machines w i t h curves of l e s s e r s l o p e , b u t g e n e r a l l y h i g h e r average l o s s e s througho u t t h e condenser o p e r a t i n g range. This i s due t o t h e p r a c t i c e of "high back end loading" of s i n g l e s h a f t machines t o reduce c a p i t a l c o s t and i n t u r n i n c u r higher o p e r a t i n g c o s t s . High back end loaded machines a r e g e n e r a l l y used on cooling 'tower p l a n t s
t o d e c r e a s e t h e s e n s i t i v i t y of t h e system t o water temperature changes, b u t once such a machine i s b u i l t and t h e o p e r a t i n g parameters s e t , t h e n e t l o s s e s
cannot b e reduced by t h e l a t e r a p p l i c a t i o n of c o o l e r water because of t h e i n h e r e n t l o s s e s i n t h e t e r m i n a l b l a d i n g of such a machine.
Table 2 i s a summary of t h e expected c o s t s and c o s t p e n a l t i e s which a r e a s s d c i a t e d w i t h t h e v a r i o u s types of cooling systems f o r t u r b i n e g e n e r a t o r s e t s , optimized f o r c o n s t r u c t i o n c o n d i t i o n s i n t h e P a c i f i c Northwest.
TRENDS IN PLANT THERMAL EFFICIENCY BY YEARS e c t e d Probable
Average f o r t h e . Year I n c l u d e s a l l P l a n t s Year . . . 
I
C o r r e s p o n d i n g R a n k i n e C y c l e C o n d e n s e r P r e s s u r e "iri-Hg" 
It i s c l e a r from t h e ' c o s t information t a b u l a t e d t h a t t h e d i s t i n c t i o n s
f a l l i n t o t h r e e major c a t e g o r i e s , namely; among t h e following groups:
1
2. Cooling towers.
3. Dry towers (Non aqueous . a i r cooling systems).
-
The
o p e r a t i n g r e g u l a t i o n s r e s u l t i n g from t h e Water Q u a l i t y Act of 1965. What does become c r i t i c a l i n t h e examination of t h e d i r e c t cooling o r ponding a l t e r n a t i v e s is t h e amount of space a v a i l a b l e t o t h e s i t e development, t h e r e l a t i o n of t h e s i t e to t h e surrounding community both p r e s e n t and f u t u r e , and q u e s t i o n s r e l a t e d t o p o i n t o f d i s c h a r g e i n r e l a t i o n t o j o i n t uses of t h e r e c e i v i n g w a t e r s s u c h a s f i s h e r i e s and r e c r e a t i o n .
The t e c h n i c a l f a c t o r s which tend t o b l u r t h e s e d i s t i n c t i o n s a r e a l l p r i m a r i l y r e l a t e d t o t h e l a r g e s i z e and flowage requirements of t h e f u t u r e p l a n t s being planned.
Flows of 1,500 t o a s high a s 3,600 c f s a r e not unusual and w i l l r e q u i r e p i p i n g systems which employ diameters of from t e n t o s i x t e e n f e e t , and s e p a r a t i o n s of i n t a k e and r e l e a s e p o i n t s which may involve hundreds o r even thousands of f e e t t o avoid t i d a l i n f l u e n c e s o r t o t a k e advantage of t h e s t r a t i f i c a t i o n i n l a k e s and r e s e r v o i r s . The environmental requirements imposed on d i r e c t d i s c h a r g e p l a n t s i n v o l v e a d d i t i o n a l investment f o r d i s c h a r g e t o stream thalwegs r a t h e r than bank d i s c h a r g e t o maximize mixing and minimize t h e s i z e of h i g h e r temperature znnes w i t h t h e i r a t t c n d a n t e c o l o g i c a l e f f e c t s on t h e l i t t o r a l zone i n t h e o ' u t l e t v i c i n i t y . Th.e s i z e of t h e r e c e i v i n g w a t e r body r e q u i r e d to.effectively.equi1ibrate the h e a t . r e j e c t i o n of a 1000 MWe p l a n t . c a n b e expected t o approach 2,500 a c r e s o r more depending on such f a c t o r s as temperature of d i s c h a r g e , l o c a l weather and wind c o n d i t i o n s , a n d ' r e c e i v i n g w a t e r body geometry. T h i s l a t t e r f a c t o r becomes involved i n t h e e s t a b l i s h m e n t of n o n -l i n e a r vapor p r e s s u r e g r a d i e n t s . b e c a u s e of r e l a t i v e a i r s a t u r a t i o n o v e r l a r g e . .
c o o l i n g ponds which t e n d s t o a p p r e c i a b l y d e c r e a s e t h e e f f e c t i v e n e s s of a l a r g e pond i n t h e c e n t r a l r e g i o n most s u b j e c t t o boundary l a y e r l i m i t a t i o n s .
Turning t o c o o l i n g towers, and n o t c o n s i d e r i n g t h e i n t e r e s t i n g s t r u c t u r a l problems of i n t e r e s t t o t h e c i v i l e n g i n e e r i n g p r o f e s s i o n , t h e c h o i c e s between n a t u r a l o r induced d r a f t systems do n o t appear t o b e c l e a r . The h i g h e r o p e r a t i n g c o s t of induced d r a f t towers i s c o u n t e r balanced by t h e lower f i r s t c o s t . Both systems i n v o l v e t h e e v a p o r a t i o n of some 30 c f s p e r 1000 MWe i n a d d i t i o n . t o blow-down requirements of approximately e q u a l magnitude. Such e v a p o r a t i o n r a t e s . a r e n o t i n c o n s i d e r a b l e , and i n t h e c a s e of m u l t i p l e p l a n t s i n a r e a s where w a t e r d i v e r s i o n s a r e under c l o s e s c r u t i n y , such a s r e s u l t e d from t h e Maris d e c i s i o n i n t h e Chicago S a n i t a r y D i s t r i c t d i v e r s i o n of Lake Michigan, could r a i s e s e r i o u s q u e s t i o n s o f i n t e r n a t i o n a l scope i f counted i n t h e apportionments a l l o c a t e d . I n a d d i t i o n , t h e l o c a t i o n on Western r e s e r v o i r s which a r e e s s e n t i a l l y one hundred p e r c e n t a p p r o p r i a t e d such as t h e American F a l l s r e s e r v o i r on t h e Upper Snake, t h e e v a p o r a t i o n rates could i n v o l v e t h e requirement f o r purchase of e q u i v a l e n t q u a n t i t i e s o f w a t e r r i g h t s from u s e r s d e p r i v e d o£ r i g h t s . I n t h e c a s e of t h e d r y , non e v a p o r a t i v e systems, s e r i o u s c o n s i d e r a t i o n must b e accorded t o t h e induced c i r c u l a t i o n of t h e immense a i r plumes which would r i s e above t h e i n s t a l l a t i o n . On r e l a t i v e l y q u i e t days of n e a r j.nversion c o n d i t i o n s , i t h a s been
estimated t h a t s u c h d r y towers could induce s u f f i c i e n t v e r t i c a l c i r c u l a t i o n t o produce c~u l u s c 8 o u d s , o f e x t e n s i v e magnitude over t h e r e l e a s e p o i n t . The r e s u l t -
: :
i n g o p p o r t u n i t i e s $or involvement in weather a r e not i n c o n s i d e r a b l e and remain a s one of t h e s i g n i f i c a n t r e s e a r c h a r e a s f o r t h e f u t u r e .
Having i l l u s t r a t e d two p r i n k i p a l problems i n v o l v e d . i n meeting t h e p u b l i c energy needs a s p r e s e n t l y f o r e c a s t e d , i t is necessary t o examine i n a g e n e r a l way, t h e o v e r a l l e f f e c t s o f t h e c u r r e n t t r e n d of doubling energy r e l e a s e s t o t h e environment every 7 o r 8 years.. No c l e a r agreement on t h e s u b j e c t e x i s t s because t h e s u b j e c t i s too new t o have accumulated tfie proper r a t i o of d i s p a s s i o n a t e observers and t h e d a t a base i s too small t o make c l a s s i c s t o c h a s t i c o r s t a t i s t i c a l observations without a s e r i o u s degree.of p r o f e s s i o n a l r i s k and p o s s i b i l i t y of adverse c r i t i c i s m . T h i s l a t t e r f a c t o r has tendency t o group s c i e n t i s t s a n d ' e n g i n e e r s i n t o two overlapping .groups a s follows:
A g e n e r a l grouping of i n v e s t
i g a t o r s who have not been deeply involved i n environmental m a t t e r s and f a i l t o r e a c t completely t o new and r e v i s e d requirements f o r i n t e g r a t e d .environmental' thinking.
A g e n e r a l grouping of i n v e s t i g a t o r s who are. f u l l y involved w i t h m a t t e r s nf environmental concern. b u t because of previous t r a i n i n g o r experience
f
a i l t o l n c l u d e c o n d i t i o n s of p r a c t i c a l n e c e s s i t y i n t o a c t i o n plans proposed f o r p r o t e c t i o n of ' t h e environment. I n t h i s case we use t h e word environment i n i t s b r o a d e s t sense, t h a t of t h e t o t a l socio-economic p h y s i c a l surroundings of man. Experience h a s shown t h a t t h e t r u t h l i e s somewhere in-between, and v a r i e s i n a dynamic way from s i t u a t i o n t o s i t u a t i o n . A b r i e f review of t h e major determinations
concerning energy e f f e c t s on t h e environment i s contained i n t h e following condensed statements: ;
.
. When examined on a n e n t i r e l y g l o b a l p e r s p e c t i v e , and w i t h the s i n g u l a r exception o f p a r t i c l e emission i n t h e upper atmosphere and s t r a t o s p h e r e , trophosphere and ionosphere, ' t h e f o r e s e e a b l e e f f e c t s of t h e r e l e a s e of energy and the by-products of energy conversion do n o t provoke t h e need f o r c r i s i s t h i n k i n g i n t h e i n s t i t u t i o n a l management of resources.
. P a r t i c l e emission and changes i n t h e atmospheric o p a c i t y r e s u l t i n g from a r t i f i c i a l cloud s e e d i n g , thermal i s l a n d s a r e h i g h l y s u s p e c t a s p o t e n t i a l s o u r c e s of s e r i o u s d i s l o c a t i o n s i n t h e weather p a t t e r n s , r a i n -
f a l l and g e n e r a l s u r f a c e energy budget of . t h e e a r t h (Ref. 6 ) .
On a r e g i o n a l b a s i s of t h e s c a l e of 106 km2, d i s t i n c t l y observable p a t t e r n s of e f f e c t r e l a t e d t o t h e r e l e a s e of products of combustion, moisture and thermal energy ( t h e end s t a t e of u s e f u l energy of i n t e r e s t t o t h i s d i s c u s s i o n ) a r e known t o e x i s t and t o b e i n c r e a s i n g
i n s i z e and i n t e n s i t y . Without c o n t r o l of a c c e l e r a t i n g u r b a n i z a t i o n , one can p r e d i c t w i t h c e r t a i n t y t h a t c l i m a t i c changes w i l l i n c r e a s e from a p u r e l y l o c a l s c a l e t o a r e g i o n a l s c a l e and w i l l a p p r e c i a b l y a f f e c t p r e s e n t e c o l o g i c a l b a l a n c e . Known changes i n c l u d e i n c r e a s e d c l o u d i n e s s , r e d u c t i o n of winds, c o n c e n t r a t i o n o f p o l l u t a n t s (smog), d r a s t i c changes i n run:-off of r a i n f a l l , a n d profound, b u t a s y e t q u a n t i t a t i v e l y unmodeled e f f e c t s o f . t h e immense q u a n t i t i e s of gaseous and suspended m a t e r i a l s e j e c t e d t o t h e m e t r o p o l i t a n atmosphere.
(H.E. Landsberg, Ref. 7 ) .
. I n t h e u t i l i t y f i e l d , because of i t s p o t e n t i a l dominance of t h e energy r e l e a s e s t o t h e environment, s e r i o u s c o n s i d e r a t i o n needs t o b e given t o t h e combined end e f f e c t s of p o l l u t i o n p o l i c y on prime mover e f f i c i e n c y , r e g i o n a l weather p a t t e r n s and n a t i o n a l f u e l and a n t i -t r u s t policj?. The a v a i l a b l e f a c t s s u g g e s t t h a t uncoordfnated n a t i o n a l p o l i c y is d i r e c t l y r e l a t e d t o a g r e a t number of t h e p r e s e n t economic d i s l o c a t i o n s which
a p p e a r as p o l l u t i o r i of t h e environment.
. . A l a r g e number of t h e more, u s e f u l t o o l s f o r p r e d i c t i n g e f f e c t s such as s i m u l a t i o n modeling remain r e l a t i v e l y underdeveloped'because of t h e p r e s e n t r e l i a n c e on t h e a d v e r s a r y proceeding a s t h e b a s i s f o r t a k i n g a c t i o n . The d i s t r i b u t i o n of p o l l u t a n t s i n r e l a t i o n t o t h e p l a n n i n g of
abatement f a c i l i t i e s must b e s y s t e m a t i c a l l y i n v e s t i g a t e d and r e l a t e d t o l o c a l and' r e g i o n a l g o a l s . C l e a r l y , i n s t i t u t i o n a l development and reform congruent t o s c a l e of expected energy r e l e a s e s is. a q u e s t i o n o f h i g h e s t . p r i o r i t y . The c r e a t i o n of s i m u l a t i o n and p r e d i c t i o n c e n t e r s of p o l i t i c a l l y
uncommitted e x c e l l e n c e a p p e a r s a s a n i n d i s p e n s a b l e s t e p i n t h e a r b i t r a t i o n o f competing needs f o r t h e u s e of energy 0.n t h e grand s c a l e f o r e s e e n f o r t h e coming decades.
. The growth o f mass ener':gy consumption and t h e consequent r e l a t i o n s of w a s t e m a t e r i a l s , . emissions and n u c l e a r h a z a r d s can b e expected t o have major
r n a t i o n a l i m p l i c a t i o n s . The r a i n -o u t of s u l f u r d i o x i d e d i s c h a r g e s from s o u r c e s t o t h e s o u t h and west of t h e .Scandanavian P e n i n s u l a has a l r e a d y caused marked changes i n t h e chemical p r o p e r t i e s of l a k e s and s o i l i n t h e s o u t h e r n end of t h a t t e r r i t o r y , (Erickson 1969, Ref. 1 1 ) . P o l i c i e s which f o r c e Midwestern United S t a t e s u t i l i t i e s t o u s e c o o l i n g towers c o n f l i c t w i t h consumptive withdrawal l i m i t s of t h e 1906 Boundary Water T r e a t y w i t h
Canada. Weather m o d i f i c a t i o n s r e s u l t i n g from t h e Detroit-Windsor h e a t i s l a n d are becoming a s o u r c e of i n t e r n a t i o n a l concern i n t h e p o l i c y a r e a .
Even t h e e r e c t i o n of t h e p i p e l i n e t o d e l i v e r petroleum from t h e North S l o p e f i e l d s i s s u b j e c t t o i n s p e c t i o n of t h e environmental consequences
p r i m a r i l y because of . q u e s t i o n s r e l a t i n g t o v a l u e of d i s p l a c e d Canadian l a n d s f o r t h e b e n e f i t of United S t a t e s i n t e r e s t s . Lands flooded by Columb i a T r e a t y dams i n Canada appear t o h a v e been g r o s s l y undervalued i n r e l a t i o n t o t h e l o n g r a n g e power b e n e f i t s
t o b o t h t h e United S t a t e s and
Canada, ( K r u t i l l a , 1967 Ref. 8 ) , and t h e e c o l o g i c a l consequences of f u l l , '
power development of t h e Columbia River do n o t appear t o have been . .
s t u d i e d ' t o a d e p t h commensurate w i t h t h e v a l u e of t h e r e s o u r c e s involved.
New concepts 'of r i p a r i a n r i g h t s i n r e l a t i o n t o t h e world atmosphere appear c e r t a i n t o b e proposed; a l l o f which can b e expected t o r e q u i r e t h e . utmost i n s t a t e m a n s h i p and i m a g i n a t i o n .
As a broad g e n e r a l i z a t i o n , i t a p p e a r s t h a t t h e c o u n t r i e s which a r e r e l a t i v e l y underdeveloped i n r e s p e c t t o t h e United S t a t e s may b e g i n t o measure and e v a l u a t e p o t e n t i a l and a c t u a l changes i n t h e i r p h y s i c a l
.environment which r e f l e c t f o r e i g n t r a d e and development p o l i c y of t h e i r more h i g h l y developed neighbors. Such p h y s i c a l comparisons may s u g g e s t a r e d u c t i o n of t h e a l r e a d y uneasy s t a b i l i t y 'of t h e b a l a n c e of t r a d e .and power among t h e f a m i l i e s of n a t i o n s .
Accordingly, i t i s proposed t h a t a s o l u t i o n t o t h e dilemma o f r i s i n g power s t a t i o n c o s t s and i n c r e a s i n g o p p o s i t i o n t o s i n g l e purpose
hydro-development n e a r m e t r o p o l i t a n a r e a s , which o f t e n f l o o d s u s e f u l l a n d and c a u s e s unmanageable w a t e r f l o w f l u c t u a t i o n s , would b e t h e c r e a t i o n of a system of c a n a l s o f r e l a t i v e l y l a r g e size--flows up t o 15,000 cis--which would s e r v e as e l o n g a t e
d c o o l i n g ponds f o r t h e d i s s i p a t i o n of condenser h e a t of l a r g e i n d u s t r i a l complexes. T h i s i d e a a r i s e s from
t h e concept of using thermally warmed water f o r t h e i r r i g a t i o n of crops -a concept which, while a t t r a c t i v e i n d e t a i l , i s e s s e n t i a l l y n o t w e l l understood by t h e prof e s s i o n a l engineering f r a t e r r i i t y much l e s s t h e p u b l i c a t l a r g e .
The s t i m u l a t i o n of t h e production .of t u b e r s and c e r e a l g r a i n s by p h y s i c a l warming of t h e ground h a s been of i n t e r e s t t o agronomists f o r many y e a r s . . Despite some l a b o r a t o r y success, g e n e r a l u s e of t h e method h a s n o t developed because 1 ) s u f f i c i e n t s u p p l i e s of warmed w a t e r a r e n o t a v a i l a b l e f o r a low enough p r i c e and
2) t h e development of crop and d i s e a s e s appeared t o i n c r e a s e w i t h producti v i t y . However, t h e r e a l reason f o r l a c k o f ' p r o g r e s s is a s much t i e d up with t h e high c o s t of f i e l d d i s t r i b u t i o n and r e l u c t a n c e on t h e p a r t of t h e p r e s e n t l y c o n s t
i t u t e d u t i l i t y i n d u s t r y t o p a r t i c i p a t e i n t h e added c o s t s of f i e l d d i s t r i b u t i o n .
R e l a t i v e l y few people consider t h e s c a l e of water flows involved i n g e n e r a t i o n of power. A 1000 MW thermal s t a t i o n r e q u i r e s t h e passage of from 800 t o 1,200 c f s .
(360,000 to.580,000 g a l l o n s per minute) of water through t h e condenser system. The flow of two of t h e s e p l a n t s would supply t h e e n t i r e w a t e r use needs of t h e c i t i e s of C l e a r l y , t h e c o l l a t e r a l use of warmed e f f l u e n t r e q u i r e s planning on a s c a l e i n keeping w i t h t h e s i z e of t h e r e s o u r c e under c o n s i d e r a t i o n , a s w e l l a s t h e long-range needs and requirements of t h e p u b l i c .
Based on a number of s u p p o r t i n g s t u d i e s (Ref. 3,9 ) and t h e e x p e r i e n c e of t h e r e c e n t l y completed s t u d y of t h e r ' m l p l a n t s i t i n g i n t h e Northwest, (Ref. 1 0 ) t h e following concept was developed. A great.number o f l o c a t i o n s i n t h e United S t a t e s can b e i d e n t i f i e d . Among t h e s e are flow improvement systems f o r ' t h e p r i n c i p a l r i v e r s of the' Northeast w i t h s o u r c e s i n o r n e a r t h e Great Lakes, and proposed Ohio Canal which could u s e w a t e r from t h e p r e s e n t l y overflowing Great L a k e s ' t o supplement t h e Ohio River. P l a n s t o i r r i g a t e Texas, Arkansas and o t h e r nearby a r e a s w i t h s e a s o n a l M i s s i s s i p p i R i v e r w a t e r (or a l t e r n a t i v e l y Canadian w a t e r ) could p r o f i t from broad- covering an e x t e n s i v e d i s t a n c e and p r o v i d i n g a c e n t r a l power s p i n e system f o r r e d i r e c t i n g t h e growth of p o p u l a t i o n c e n t e r s . The c a n a l system could a l s o p r o v i d e supplementary flow a s w a t e r supply f o r t h e new c i t i e s and i n d u s t r i e s a l o n g t h e r o u t e , a s w e l l a s l o c a l t r a n s p o r t a t i o n and n a v i g a t i o n , where d e s i r a b l e . P a r k s and g r e e n b e l t a r e a s would b e a n i n t r i n s i c p a r t of t h e development p l a n . Its p r i n c i p a l o b j e c t i v e would b e t o p r o v i d e a n extended h e a t s i n k of major p r o p o r t i o n s away from p r e s e n t l y r e g u l a t e d p u b l i c w a t e r c o u r s e s , c a p a b l e of s u p p o r t i n g l a r g e thermal s t a t i o n s a l l a l o n g t h e r o u t e o f t h e c a n a l system, r e u s i n g t h e w a t e r a s many times as p r a c t i c a b l e .
It i s assumed t h a t t h e o p p o r t u n i t i e s f o r pumped s t o r a g e p l a n t s a l o n g t h e c a n a l r o u t e would b e l i m i t e d o n l y by t h e e l e c t r i c a l requirements. t h e p h y s i c a l r e l a t i o n of c a n a l l e n g t h s , p l a n t s i z e and r e s u l t i n g e v a p o r a t i o n on such a p o t e n t i a 1 , s y s t e m . The s i z e s o f t h e c a n a l s , t h e flow q u a n t i t i e s and scope o f t h e system have been m a t e r i a l l y reduced, b u t t h e o r i g i n a l r o u t e was p r e s e r v e d . i n o r d e r t o t e s t t h e u s e of t h e model under a wide v a r i e t y of weather circumstances.
The primary r o u t e of t h e P i r k e y Western Water P r o j e c t t r a n s f e r r e d w a t e r up t h e Deschutes River i n Oregon, f u r t h e r up t h e Crooked River by a s e r i e s of pumped s t o r a g e dams t o a l a r g e , a r i d i n l a n d v a l l e y w e s t of Burns, Oregon. The Water would e n t e r Northeastern C a l i f o r n i a a t a n a t u r a l l a k e (Goose Lake) and t h e n t r a v e l s o u t h e a s ' t e r l y i n Nevada v i a a s e r i e s of l a k e s and c a n a l s a l o n g t h e California-Nevada border through Pyramid Lake,.Walker Lake and hence t o d i s c h a r g e i n t o Lake Mead. Tables 3 and 4 i l l u s t r a t e and summarize t h e t e c h n i c a l f e a t u r e s of t h e system of i n t e r e s t i n t h i s d i s c u s s i o n . The t e m p e r a t u r e r i s e of t h e a r t i f i c i a l canal-lake system was a r b i t r a r i l y h e l d t o g°F (5OC). T h i s gave s u r f a c e t e m p e r a t u r e s no h i g h e r b --.
than 32OC (90°F) a t any p o i n t . With t h i s c o n s e r v a t i v e c o n s t r a i n t , t h e i n s t a l l e d thermal c a p a c i t y of t h e canal-lake system was v e r y c l o s e t o 30,000 MW e l e c t r i c a l a s f i r m capacity with s u b s t a n t j a1 p n t e n t i al. for e r e c t i o n o f pumped s t o r a g e peaking along t h e l i n e of flow. A s would b e expected, t o t a l e v a p o r a t i o n i n t h e summer was high, about 50% of t h e i n l e t flow of 12,000 c f s , b u t t h e p o r t i o n a l l o t t e d t o thermal p l a n t c o o l i n g amounts t o 750 c f s o r a b o u t 70% of t h e e v a p o r a t i o n expected from a n e q u i v a l e n t c a p a c i t y i n a c o o l i n g tower system. No thermal p l a n t s were s i t e d on t h e Deschutes p o r t i o n of t h e c a n a l system i n o r d e r t o avoid t e m p e r a t u r e changes i n t h a t reach. The m a j o r i t y of e l e c t r i c a l p l a n t s were s i t e d on a r t i f i c i a l l a k e s and r e s e r v o i r s .
While t h e s i t i n g of n u c l e a r p l a n t s d i d c o n s i d e r t h e known l o c a t i o n of f a u l t s and o t h e r s e i s m i c a l l y a c t i v e a r e a s s u c h a s Goose Lake and t h e Western Nevada c o u n t i e s , Thermal P l a n t s - 13 Thermal P l a n t s -2. any such o p t i m i z a t i o n was considered beyond t h e scope ' o f t h e i n v e s t i g a t i o n . o f ' ' outstanding s i g n i f i c a n c e was d i s c o v e r y of t h e following:
A t o t a l of 30 GWe, a s u b s t a n t i a l f r a c t i o n of t h e Western f i n o power requirements through t h e y e a r 2000' could b e s i t e d on t h e c a n a l system. ' The a n n u a l e v a p o r a t i o n chargeable t o t h e thermal p l a n t system using t h e canal-lake complex was 30% lower than t h e e q u i v a l e n t i n d i r e c t c o o l i n g tower c a p a c i t y (452,000 AF vs. 650,000 AF) annually.
The t o t a l 'evaporatio'n of t h e c a n a l l a k e s y s t e m was. s u b s t a n t i a l (approx.
350,000 AFImonth in J u l y ) , an o r d e r of magnitude h i g h e r than t h a t r e q u i r e d f o r thermal p l a n t s themselves.
A s u b s t a n t i a l l y l a r g e r c a n a l throughout would not: i n c r e a s e t h e b a s e e v a p o r a t i o n l e v e l s , and s m a l l e r systems optimized f o r thermal cooling c a n a l s would s u f f e r r e l a t i v e l y l a r g e disadvantages from evaporation u n l e s s considered a s multipurpose f o r i r r i g a t i o n and land development i n a r i d regions.
The development o r c r e a t i o n of an extended canal-lake system f o r t h e plirpnso o f cooling thermal g e n e r a t i n g s t a t i o n eff1uen.t i s t e c h n i c a l l y f e a s i b l e and o f f e r s o u t s t a n d i n g p o s s i b i l i t i e s i n t h e added j u s t i f i c a t i o n of l a r g e water r e d i s t r i b u t i o n p r o j e c t s . S i g n i f i c a n t l y , i t must a l s o b e borne in mind t h a t t h e flow from l a r g e thermal s t a t i o n s i s s u f f i c i e n t l y high t h a t e s s e n t i a l l y a l l p r o j e c t s involving t h e u s e of warmed water a r e immediately i n a l a r g e p r o j e c t category. . t h e r e d i r e c t i o n of m e t r o p o l i t a n growth r a t e s along pl-anned l i n e s .
